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(54) POSITIVE ELECTRODE ACTIVE MATERIAL AND NONAQUEOUS SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide both of thermal stability and high discharge capacity by 
constituting of complex oxide of lithium and nickel having a specific composition and a layer 
crystal structure. 

SOLUTION: In a compositional formula of complex oxide of lithium and nickel: LiaNil-x-y- 
2M1xAlyM2zOZ, Li is a necessary element for carrying the movement of charge in a battery and 
(a) in the composition is preferably in the range of 0.950-1.100, The complex oxide has a layer 
crystal structure for moving the lithium. This constitution can intercalate and deintercalate the 
lithium. Ml is one or more kinds of elements selected from Co and Mn and added for improving 
the cycle characteristics, and the element ratio: appropriately (x) is within 0.10-0.30. 
Appropriately, (y) is within 0.02-0.10. M2 is one or more kinds of elements selected from Zr and 
Y and appropriately, (z) is within 0.001-0.02, The added composition ratio is 20-5 in AI/(Y+Zr). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document lias been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] empirical formula: — UaNi1-x-y-2M1xAlyM2z02 — however 0.950 <=a<= 1.1000.10 
<=x<= 0.300.02 <=y<= 0.1 00.001 <=z<= 0.025 <=y/z<= 20M1 Co, Mn One or more sorts of 
elements M2 chosen Zr, Y Positive active material, for nonaqueous rechargeable batteries 
characterized by consisting of a multiple oxide of the lithium and nickel which have the 
presentation expressed by one or more sorts of elements chosen, and have lamellar crystal 
structure. 

[Claim 2] The nonaqueous rechargeable battery characterized by using the matter according to 
claim 1 as positive active material. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So tlie translation may not reflect tiie original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to positive active material and the nonaqueous 

rechargeable battery which used it 

[0002] 

[Description of the Prior Art] In recent years, the formation of small high performance and 
cordless-izing of an electronics device progressed, interests have gathered for the rechargeable 
battery as those drive power sources, and especially a lithium secondary battery has great 
expectation as a cell which has a high-voltage high energy consistency. As positive, active 
material of such a cell, the multiple oxide (it is described as a lithium multiple oxide below) made 
into a subject is used [ transition metals / lithiums, such as an intercalation and the stratified 
compound 2 which can carry out a day intercalation, for example, LiCoO. and LiNi02, and ] in a 
lithium. Although there is LiCo02 as positive active material for lithium secondary batteries 
already put in practical use among such lithium multiple oxides, from using cobalt rare in 
resource, and expensive, it is more cheap and ingredient development of UNi02 has been 
energetically performed as a lithium multiple oxide in which a high energy consistency is possible. 

[0003] 

[Problem(s) to be Solved by the Invention] UNi02 has come [ however, ] to be used for a 
rechargeable battery as a charge of real material. As the reason, it is "latest [ of a new 
rechargeable battery ingredient ] technical" ( , Inc. CMC) P.27 of March 25. 1997 issue for 
example. It is because the thermal stability in a charge condition is inferior compared with the 
rechargeable battery using LiCo02 as indicated. 

[0004] When LiNi02 is used as positive active material, a lithium is deintercalated from a crystal 
lattice at the time of charge, it is set to U1-xNi02, some nickel in a crystal lattice changes from 
+ trivalent to + tetravalence. and the stability of the crystal at the time of heating falls. Lithium 
multiple oxide which contains the unstable nickel of + tetravalence when positive active material 
is heated in the state of such charge Active oxygen is generated and pyrolyzed above 200 
degrees C. The generated active oxygen will oxidize and burn the organic solvent which exists in 
a perimeter, will be heated further, and will start a thermal-run-away condition. 
[0005] When securing the safety of a nonaqueous rechargeable battery, the attempt which 
improves thermal stability has been made in mainly permuting the nickel in the crystal lattice of 
LiNi02 by various different-species elements so that such a situation may not arise inside a cell. 
For example, in J.EIectron.Soc, Vol.142, No.12, and December 1995 p.4033- it is indicated by 
permuting 25% of the nickel in a crystal lattice with aluminum that thermal stability is improved. 
Moreover, Arai and others of the NTT input/output system lab has reported that thermal 
stability is improved in the 37th Heisei 8 cell debates by permuting 10% of the nickel in a crystal 
lattice by manganese, vanadium, and titanium. 

[0006] However, in order the amelioration effectiveness of thermal stability is still inadequate 
and to secure the safety of a cell also with these well-known conventional technique, a lot of 
permutation elements needed to be used Therefore, a high discharge capacity originally 
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expected from the positive active material of LiNi02 system had fallen victim. Like the above, 
the positive active material with which a high discharge capacity was compatible with the 
thermal stability in a charge condition is called for in the lithium multiple oxide which used as 
main transition-metals components the nickel used as an active material for nonaqueous 
rechargeable batteries. Therefore, the purpose of this invention is to offer the highly efficient 
positive active material for nonaqueous rechargeable batteries with which thermal stability was 
improved, and the nonaqueous rechargeable battery using it. 
[0007] 

[Means for Solving the Problem] That the above-mentioned purpose should be attained, in the 
lithium multiple oxide presentation which uses nickel as main transition-metals components, the 
little addition of the improvement effect of thermal stability was also large, and this invention 
persons examined wholeheartedly the presentation system in which discharge capacity is not 
reduced. Consequently, by finding out that thermal stability is remarkably improved by permuting 
nickel site of a lithium multiple oxide combining the strong aluminum of bonding strength with 
oxygen, and one or more sorts of elements chosen from a zirconium yttrium by the fixed ratio by 
the trivalent element, and specifying the presentation range of these elements, it discovered that 
a high discharge capacity and thermal stability were compatible, and this invention was reached. 
[0008] namely, this invention — the 1st — empirical formuIa:LiaNi1-x-y-zM1xAlyM2202 - — 
however 0.950 <=a<= 1.1000.10 <=x<= 0.300.02 <=y<= 0.100.001 <=z<= 0.025 <=y/z<= 20M1 Co, 
Mn One or more sorts of elements M2 chosen Zr. Y It has the presentation expressed by one or 
more sorts of elements chosen. Positive active material for nonaqueous rechargeable batteries 
characterized by consisting of a multiple oxide of the lithium and nickel which have lamellar 
crystal structure; the 2nd is provided with the nonaqueous rechargeable battery characterized by 
using the matter of a publication as positive active material said 1st [ the ], 
[0009] The reason which shows the thermal stability excellent in the elementary composition 
system in this invention is presumed as follows. A surrounding oxygen grid is restrained, since its 
bonding strength with oxygen is strong, if it permutes the nickel site of a lithium multiple oxide by 
these elements, an aluminum yttrium is a trivalent element, and when heated in the state of 
charge, it will stabilize lamellar crystal structure, and it has the effectiveness which elevated- 
temperature-izes pyrolysis temperature of the crystal at the time of heating especially. However, 
since the ionic radius of an yttrium was quite larger than nickel (+ trivalent), it was a problem 
that the addition of the upper limit which permutes a nickel site and can improve thermal 
stability is low. 

[0010] Moreover, since these elements cannot take any valences other than + trivalent, they 
cannot participate in electrochemical reaction but have the fault to which the discharge capacity 
as an active material falls in proportion [ almost ] to an addition. Moreover, lamellar crystal 
structure starts a pyrolysis, and since the mechanism itself to which nickel converts into a low 
valence more and emits active oxygen from + tetravalence cannot be controlled, the burst size 
and rate of active oxygen can seldom be reduced. 

[001 1] On the other hand, although a zirconium is lower than an aluminum yttrium as bonding 
strength with oxygen, since it is stronger than nickel, the thermal stability at the time of heating 
is improvable. Moreover, as a valence, it is + divalent, + trivalent. and + tetravalence, and the 
condition of + tetravalence is the most stable especially as an oxide. Therefore, in order to ease 
the electronic instability accompanying the peroxidation condition of nickel [ in the lamellar 
crystal structure of a charge condition ] by permuting a nickel site by the zirconium of + 
tetravalence, it is thought that it is effective in reducing the burst size and rate of the active 
oxygen at the time of heating. However, as well as the case of an yttrium since the ionic radius 
of a zirconium was larger than nickel (+ trivalent), it was a fault that the upper limit addition 
which can permute a nickel site is low. 

[0012] This invention persons As a result of examining wholeheartedly the effectiveness to the 
presentation ratio and thermal stability of these permutations element, when the element ratio of 
a presentation system to which the average ionic radius of the permutation element in a crystal 
lattice becomes close to + trivalent nickel, i.e., aluminum with a small ionic radius, and an yttrium 
zirconium with a large ionic radius was fixed within the limits, it found out that the amelioration 
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effectiveness of thermal stability improved. Since the element which is hard to permute in order 
to distort a crystal lattice in an independent permutation dissolved in the grid according to the 
average ionic radius of a permutation element being close to + trivalent nickel, this effectiveness 
is considered. 

[0013] In addition, although it is indicated, for example by JP.9""139212,A about the effectiveness 
of a zirconium that the elevated-temperature shelf life in 60"degreeC improves, there is no 
description about amelioration of the thermal stability more than 200"-degreeC, It is the 
synergistic effect by the positive active material by this invention having combined the 
permutation element with which the operations which improve the thermal stability of lamellar 
crystal structure differ, and the remarkable amelioration effectiveness is acquired as compared 
with the case where each element is added independently. This invention offers the highly 
efficient nonaqueous rechargeable battery by which the safety at the time of heating was 
improved by using the above-mentioned positive active material again. 
[0014] 

[Embodiment of the Invention] The empirical formula of the multiple oxide of the lithium by which 
the positive active material of this invention is characterized, and nickel: In LiaNil^x-y- 
zM1xAlyM2z02, it is an element required since LI bears migration of a charge in a cell, and a 
under presentation has the desirable range of 0.950-1.100. In a< 0.95, a discharge property 
deteriorates that it is easy to mix rock salt structure into the layer structure at the time of 
composition. Moreover, since superfluous alkalinity remains in an active material and evil is 
produced at the time of electrode manufacture, it is not desirable at a> 1.10. Moreover, in order 
that a lithium may move, this multiple oxide needs to take lamellar crystal structure, thereby — 
a lithium — an intercalation — a day intercalation can be carried out. 

[0015] Ml in an empirical formula is added in order to be one or more sorts of elements chosen 
from Co and Mn and to improve a cycle property — having — an element ratio — the range of 
0.10-0.30 is suitable for :x. In the case of x< 0.10, there is little amelioration effectiveness of a 
cycle property, when it is x> 0.30, the amelioration effectiveness of a cycle property is saturated, 
and the fall of discharge capacity is brought about. 

[0016] y in an empirical formula The range of 0.02-0.10 is suitable. In the case of y< 0.02, the 
amelioration effectiveness of thermal stability is inadequate, and when it is y> 0.10, since it is 
saturated, and decline in discharge capacity or initial effectiveness becomes remarkable and the 
engine performance as a cell ingredient deteriorates, the amelioration effectiveness of thermal 
stability is not desirable. 

[0017] The range of 0.001-0.02 is suitable for z of M2 in an empirical formula. As for the 
amelioration effectiveness of the thermal stability in an alloying element. z< 0.001 is insufficient, 
and it is for being unable to dissolve in a crystal, but generating impurity phases, such as a 
zirconic acid lithium (Li2Zr03), saturating the amelioration effectiveness of thermal stability, and 
producing degradation of discharge capacity or initial effectiveness in z> 0.02. 
[0018] Inside of an empirical formula The effectiveness of Ml, M2. and aluminum aims at 
permuting 3b site in the lamellar crystal structure described by space group R3m (stratified rock 
salt mold crystal structure (alpha-NaFe02 mold)). Therefore, as for the active material of this 
invention, in powder X-ray diffractometry, it is desirable not to detect any unusual appearances 
other than space group R3m structure at least. Although the well-known synthetic technique of 
obtaining a layer structure compound by mixing a compound with the element shown in the 
empirical formula of a lithium compound, nickel, and others, and calcinating in an oxidizing 
atmosphere about the manufacturing method of the positive active material in this invention is 
applicable, the detail is explained below. 

[0019] As a Li compound as a start raw material, it is the mixture or the lithium nitrate of a 
lithium hydroxide or a lithium hydroxide, and a lithium carbonate preferably. Moreover, as a 
compound of nickel, Co, Mn, aluminum, Y, and Zr, although it is oxide, a hydroxide, mineral salt, 
and an organic substance salt, reactivity with a lithium is oxide, a hydroxide, and a nitrate 
preferably from a good thing. 

[0020] Although the mixed approach of each raw material can be performed with well-known 
alligation, such as wet blending, dry blending, and a coprecipitation method, it is desirable to mix 
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a lithium compound with the coprecipitation hydroxide produced from the point that each 
element is mixabie to homogeneity, with the coprecipitation method, especially the 
coprecipitation method which neutralizes the mixed solution and alkali solution of an inorganics- 
acid salt by fixed pH within the limits. Moreover, in case mixture is stored and conveyed, it is 
desirable to select an ingredient with few differences to the average grain size and relative bulk 
density of each raw material so that sizing may not be produced. In addition, when using the raw 
material which absorbs carbon dioxide gas and the moisture in air, and is easy to deteriorate 
under a humid ambient atmosphere when using a lithium hydroxide as a lithium raw material, the 
handling in dehumidifying and a decarboxylation ambient atmosphere is desirable. Moreover, in 
order to perform homogeneity mixing of each element, you may carry out combining dry grinding 
and wet grinding at a mixed process. 

[0021] Raw material mixture is used as a Plastic solid through the process of granulation shaping 
etc. It considers as a dozens of microns - several cm Plastic solid by compression molding, 
extrusion granulation, rolling granulation, spray drying, etc. It is common a globular shape, a 
cylinder, tabular, and that the configuration of a Plastic solid presupposes that it is massive. 
[0022] A Plastic solid is calcinated 500 to 900 degree C, and in 5 to 20 hours under an oxidizing 
atmosphere. If a synthetic reaction does not advance substantially at less than 500 degrees C 
and it exceeds 900 degrees C as a burning temperature, since a cell property will deteriorate 
that it is easy to generate a rock salt phase, it is not desirable. As for the format of the firing 
furnace used for composition, the firing furnace where a continuous furnace, a batch type 
furnace, a belt furnace, a fluidized bed roaster, etc. are well-known is used. Since a lithium 
compound produces fused salt corrosion at an elevated temperature, the corrosion-resistant 
quality of the materials, such as an alumina with little contamination from internal insulation, are 
used. 

[0023] In the manufacture approach of obtaining the positive active material of this invention, it 
is important that the burning temperature in a baking process controls the oxygen tension 700 
degrees C or more of a controlled atmosphere to 10 - 50% of within the limits. Furthermore, the 
amount of aluminum in the empirical formula of the active material of this invention: When fewer 
than 0.06, 10 - 30% of range of y is [ the oxygen tension of a controlled atmosphere ] desirable. 
It is for an yttrium and a zirconium to be unable to dissolve to homogeneity, if oxygen tension is 
higher than this range, but for the amelioration effectiveness of thermal stability to decrease, for 
a crystallization reaction not to advance, when lower than this range, but for a charge-and- 
discharge property to fall. 

[0024] Moreover, in order to carry out a crystallization reaction to homogeneity, in multistage 
baking to which burning temperature is changed gradually, and the range which may carry out by 
dividing a baking process into the two times of temporary quenching and glost firing, and does 
not check the effectiveness of this invention, it is possible to add a synthetic technique 
conventionally. The particle size regulation of the baking object after baking is carried out by 
**** and the classification process for grain refining, and let it be positive-active-material 
powder. The oxide of LiNi02 system needs to tend to absorb moisture compared with LiCo02, 
and since crystal reinforcement is also low, it needs to deal with it in a desiccation ambient 
atmosphere, and it needs to take care so that **** actuation may not destroy a crystal by 
overgrinding, either. 

[0025] The electrochemistry property measuring method of the obtained positive active material 
is explained. 87:8:8 came out comparatively by the weight ratio, after mortar mixing, an active 
material, a graphite, and PTFE were kneaded with the roll rolling mill, and production of a 
positive-electrode plate fabricated them in the shape of a sheet. The trial cell was produced 
using what dissolved LiPF6 in the solvent with which a polypropylene film and the electrolytic 
solution were mixed to the negative electrode at Metal Li, and mixed ethylene carbonate and 
carbonic acid diethylene by the volume ratio to the separator 1:1 by one mol / L as an 
electrolyte. It performed constant-potential charge after current density carried out constant- 
current charge of the charge and discharge test to 4.2V by 0.53 mA/cm2 until current density 
became 0.13 mA/cm2. Then, constant-current discharge was performed to 2.7V by 0.53 
mA/cm2, and the discharge capacity per weight of an active material was calculated. 
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[0026] In the glove compartment of Ar ambient atmosphere, evaluation of the thermal stability of 
positive active material picked out the positive-electrode plate from the trial cell after charge by 
4.2V, washed the adhering electrolytic solution with the acetone, volatilized the acetone by the 
vacuum drying further, and produced the test sample. Using the thermal-analysis measuring 
device, the temperature up of about 20mf of this sample was carried out by 5 degrees C / min 
to 300 degrees C in Ar air current, and the differential scan heating value (mcal/s) in the peak 
temperature (degree C) and peak temperature of generation of heat was measured. Highly 
[ exothermic peak temperature ], when a differential scan heating value is low, it can be said that 
the thermal stability of positive active material is high. Hereafter, although explained to a detail 
with an example, the range of this invention is not limited by these. [0027] 
[Example 1] The coprecipitation hydroxide was compounded by fixing a pH value to 10 and 
neutralizing by NaOH, using the mixed solution of nicke!(N03) 2.6H20. Co(N03) 2.6H20. 
aluminum(N03) 3.9H20, and ZrOCl as a start raw material, obtained sediment — BUFUNA — 
20kg pure water washed to 1kg of formed elements using the funnel. Furthermore, about lOh 
dried at 140 degrees C with the dryer. Subsequently, it mixed by the V shaped rotary mixer so 
that the mole ratio of Li/(nickel+Co+aluminum+Zr) might be set to 1:1.05 to this desiccation 
powder In LiOH-H20, and compression molding was carried out by 2 t/cm2, and it considered as 
about 5mm shaping pellet at the pan. This shaping pellet was cracked after 700 degrees C and 
baking of 12 hours in atmospheric air, and temporary-quenching powder was obtained. Pure 
water was added to this temporary-quenching powder so that solid-state concentration might 
become 40% of the weight, the bead mill performed mixed distribution of 2 hours, and it 
considered as the distributed slurry. 

[0028] The spray dryer performed spraying and desiccation for the obtained slurry, and oxygen 
tension performed 800 degrees C and this baking of 4 hours for desiccation powder in 25% of 
mixed gas of nitrogen and oxygen further. The obtained baking object was the powder of the 
spherical particle whose mean particle diameter is 12 microns, and the presentation ratio was 
U1,02nickel0.69Co0.20aluminum0.10Zr0.005. Moreover, the crystal system of this particle powder 
belonged to space group R3m structure, and any unusual appearances other than this were not 
detected by powder X-ray diffractometry. Electrochemical property at the time of using the 
obtained baking object as positive active material They were 1 75 mAh/g by discharge capacity. 
Moreover, as for the thermal stability after charge, the exothermic peak temperature of 255 
degrees C and a differential scan heating value was 0.65 mcal/s in 4.2V. 
[0029] 

[Examples 2-17] As shown in Table 1, except having changed the elementary composition ratio 
of a start raw material, like the example 1, positive active material was produced and the 
property was evaluated. 
[0030] 

[The examples 1-16 of a comparison] As shown in Table 1. except having changed the 
elementary composition ratio of a start raw material, like the example 1. positive active material 
was produced and the property was evaluated. Although aluminum can carry out. [ elevated 
temperature ]-izing of the exothermic peak temperature in proportion to an addition as 
effectiveness from an example and the example of a comparison to the thermal stability of an 
alloying element, a differential scan heating value can seldom be reduced. Although an yttrium 
and a zirconium do not take effect by addition independently, when they are added combining 
aluminum, the effectiveness of reducing a differential scan heating value is remarkable, and with 
[ the element ratio (aluminum/(Y+Zr)) of aluminum, and an yttrium and/or a zirconium ] 20 [ or 
less ], the effectiveness is on the other hand, clear. On the other hand, since the fall of 
discharge capacity arises [ alumlnum/(Y+Zr) ] or less in five, aIuminum/(Y+Zr) is 20-5 and the 
range of a suitable addition presentation ratio is 20-10 more preferably. 
[0031] 
[Table 1] 
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[0032] 

[The example 17 of a comparison] LiCo02 of marketing was purchased and an electrochemical 
property and thermal stability were evaluated. For discharge capacity. 141 mAh/g and initial 
effectiveness were [ 253 degrees C and the differential scan heating value of exothermic peak 
temperature ] 0.39 mcal/s 94%. 
[0033] 

[Effect of the Invention] As stated above, the description of the positive active material of this 
invention It has the empirical formula expressed with LiaNil-x-y-zMlxAlyM2202. While being the 
multiple oxide of a lithium and nickel which has lamellar crystal structure eyid permuting nickel 
site of this multiple oxide combining aluminum, Zr. and one or more sorts of elements chosen 
from Y by the fixed ratio (5 <=y/2<=20) especially Since the presentation range of these 
elements is specified, the little addition of the improvement effect of thermal stability is also 
large. And without reducing discharge capacity, the positive active material with which a high 
discharge capacity and thermal stability were compatible is obtained, and if this is used, it can 
consider as a nonaqueous rechargeable battery cheaper than LiCo02 conventional system. 



[Translation done.] 
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